Background: To evaluate the performance of computed tomography (CT) as a diagnostic aid to differentiate between ruptured ovarian corpus luteal cyst (ROCLC) and ruptured ectopic pregnancy with hemorrhage (REPWH). Methods: A total of 36 patients treated at our hospitals for ROCLC and REPWH from June 2014 to August 2017 were included in this study. Based on the diagnosis, the study population was divided into ROCLC group (n = 21) and REPWH group (n = 15). CT scans were performed for all patients prior to treatment. The size of the cystic shadows and the depth of the pelvic effusion were analyzed and compared with independent sample Student's t test and Fisher's exact test. Results: Cystic shadows with maximum diameters ≥3.0 cm presented in 16 patients with ROCLC and 1 patient with REPWH, while 4 patients with ROCLC and 9 patients with REPWH exhibited cystic shadows with maximum diameters <3.0 cm. The mean diameters along the major and minor axes in the two groups were 3.76 ± 1.11 cm and 2.93 ± 0. 98 cm, 1.96 ± 0.65 cm and 1.60 ± 0.55 cm, respectively (p < 0.001). The mean depth of the pelvic effusion in patients with ROCLC and REPWH were 5.20 ± 2.47 cm and 6.96 ± 2.07 cm, respectively (p = 0.038).
Background
Ruptured ovarian corpus luteal cyst (ROCLC) and ruptured ectopic pregnancy with hemorrhage (REPWH) are the most common gynecological emergencies in clinical settings [1] [2] [3] [4] . However, ROCLC and REPWH are uncommon surgical acute abdominal symptoms. Thus, REPWH is often misdiagnosed as ROCLC, appendicitis, or ovarian cyst torsion owing to similar clinical presentation including acute onset of abdominal symptoms, persistent lower abdominal pain and other associated features of acute abdomen. Although the clinical presentation of ROCLC and REPWH is similar, the management approach is relatively different; most cases of ROCLC can be treated conservatively, whereas REPWH requires surgical intervention [5, 6] . Both ROCLC and REPWH account for a major proportion of mortality burden among healthy women of reproductive age. Over the past few years, incidence of gynecological acute abdomen in China has increased, especially after the relaxation of the two children policy in January 2016 (particularly the number of pregnant women above the average age has increased). Considering the likelihood of both clinical and radiologic misdiagnosis in women of child-bearing age who present with persistent pelvic pain and a large amount of pelvic fluid, it is vital for the radiologist to differentiate between ROCLC and REPWH. In recent years, reports of differentiating between ROCLC and REPWH using transvaginal ultrasonography and MRI have been increased [7] [8] [9] [10] . However, fewer cases of ROCLC and REPWH were diagnosed using MRI in the clinical emergency settings. Additionally, MRI is not available in most emergency department of the hospitals, and it would take at least a few days even weeks to schedule a MRI evaluation; furthermore, ultrasonography is not available at some evening emergency rooms either. Therefore, CT is the only method that the clinicians would order if the patient were seen under such conditions. Traditionally, the diagnosis of ROCLC and REPWH is based on a combination of medical history, laboratory tests, and ultrasound findings. CT scan would not be the first-choice modality for diagnosing and differentiating ROCLC and REPWH due to the associated radiation hazard. However, with the increasing number of CT examinations in diagnosing gynecological acute abdomen, the use of CT to differentiate between ROCLC and REPWH may be justified, especially in emergency settings when patients have no clear medical history or in cases where ultrasound examination does not provide a definitive diagnosis. Amongst the recent articles on diagnosis and treatment of ROCLC and REPWH, few articles have reported the significance of CT for the differential diagnosis of ROCLC and REPWH. In a study by Liu et al. [11] , abdominal CT imaging was found to be superior to ultrasound examination for achieving a definitive diagnosis of ROCLC. In the present study, the object was to evaluate the utility of CT in differentiating between ROCLC and REPWH based on the analysis of clinical records including imaging data and pathological results. The insights gained from this study may aid radiologists and clinicians in differentiating between these two conditions.
Methods
This study was approved by our Institutional Review Board and Ethics Committee. Written informed consent was obtained from all patients prior to their enrollment.
Study population
A total of 36 patients hospitalized with persistent abdominal pain treated at the Shanghai Seventh Hospital, Changhai Hospital, and Zhengzhou University affiliated Zhengzhou Central Hospital in the period between June 2014 and August 2017, were recruited. Of these, 21 patients (mean age, 30.71 ± 6.83 years; range, 16-42) were diagnosed with ROCLC (ROCLC group), while 15 patients (mean age, 32.73 ± 4.30 years; range, 27-41) were diagnosed with REPWH (REPWH group).
The diagnosis of ROCLC was confirmed by surgery in 3 patients and by clinical evaluation in 18 patients. The cause of abdominal pain in ROCLC group included intercourse (10 patients), external trauma (2 patients), bowel-movement (1 patient), and strenuous physical activity (1 patient). The remaining patients in the ROCLC group had no other obvious cause of abdominal pain, and one patient had no sexual history. All patients in the ROCLC group tested negative for HCG, and 9 patients had positive culdocentesis.
The diagnosis of REPWH was confirmed by surgery in 14 patients, while one patient was cured by conservative treatment. All patients in the REPWH group showed positive HCG; 4 patients had an in situ intrauterine device; 12 patients had a history of amenorrhea; 11 patients had a history of irregular vaginal bleeding; 4 patients presented positive culdocentesis. In REPWH group, patients' gestational weeks were between 4 to 61 days, most of the gestational stage were less than 50 days (4 patients > 40 days), and one patient was 61 days.
Clinical methods
All 36 patients in this study underwent abdominal CT using a 64-slice spiral CT scanner (Light Speed VCT, GE Healthcare, Milwaukee, WI, USA) or the 2nd generationdual-source Siemens CT scanner (SOMATOM Definition Flash, GER). Plain spiral CT scan was used, and no iodine contrast agents were administered during CT examination. Images were obtained from the anterior-superior iliac spine to the symphysis pubis or from the diaphragmatic dome to the symphysis pubis. The detailed parameters were as follows: tube voltage,100~130 KV and 200~250 Ma; pitch factor, 1.0; layer thickness, 5 mm; layer space, 5 mm; matrix, 512; delthyrial cavity, 1.00 mm, and the thinner reconstructed section interval, 1.2 mm.
CT image analysis
Images were reviewed and analyzed by radiologists who had more than 5 years of experience in imaging diagnosis. The cystic shadow on the side of uterus was measured by taking the maximum diameter along the major axis of the cystic shadow (Fig. 1) ; pelvic effusion was measured from the deepest surface of the uterus to the front of the rectum and from the front of the uterus to the front of the abdominal wall (Fig. 1) . In this study, metric measurement units were utilized ("centimeter" with accuracy to the first decimal place).
Statistical analysis
The data was analyzed with SPSS software (Version 22.0, Chicago, IL, USA). The diameter of the cystic shadows and the depth of pelvic effusion were compared using the independent sample Student's t test and Fisher's exact test. All variables analyzed by t test were assessed for normal distribution. For the purpose of this analysis, ovarian corpus luteum with a diameter greater than 3 cm was defined as a corpus luteal cyst [3] . Between-group differences associated with a p value <0.05 were considered statistically significant.
Results

Clinical and surgical parameters
All patients included in this study had undergone CT examination prior to treatment. In the ROCLC group, ruptured sites and corpus luteal cysts were noticed after opening up the blood clots during surgery. Active bleeding was observed at the site of rupture; the volume of the pelvic fluid ranged from 300 mL-3000 mL. In the REPWH group, 14 cases were confirmed by surgery, whereas one patient was cured by conservative treatment. Twelve REPWH patients experienced ruptured tubal pregnancy; the location of the tubal pregnancy was ampulla portion (6 patients), isthmus portion (3 patients), intramural area (2 patients), and the fimbria area (1 patient). Fallopian tubes were found thickened during surgery; the surface of the fallopian tube was purple and blue, and active bleeding was seen at the ruptured site. Two patients experienced ruptured ovarian ectopic pregnancy. Among patients with ovarian pregnancy, purple and blue bulging presented on the surface of the ruptured site; small blood clots along with severe hemorrhage were noticed in the ovaries. Severe hemorrhage and large blood clots were noticed in the Douglas pouch of the peritoneal cavity (Table 1) .
CT image findings of ROCLC and REPWH
The maximum and minimum diameters of the cystic shadow and the depth of the pelvic effusion were compared between the two groups ( Table 2) . Cystic shadows were found in all 21 patients in the ROCLC group, which mimicked the "Ring" sign on CT imaging. 1) The density of the cystic shadow was varied: mixeddensity cystic shadow in the adnexal area was observed in 20 patients. Of these, 9 patients exhibited low density in the central area and high density on the edge of the ring area; 7 patients exhibited mixed-density in the central area and high density on the edges of the ring area; 4 patients exhibited high density in the central area and on the edges of the ring area. In 1 patient, no obvious cystic shadow was observed in the adnexa. 2) Size and location of the cystic shadows: cystic shadows were noticed on the right side of the adnexal area in 13 patients and on the left side in 7 patients. The maximum diameter of the cystic shadow was 6.3 cm, while the minimum diameter was 2.0 cm. 3) CT attenuation values of the cyst edge and the pelvic fluid were 31 HU~91 HU and 22 HU~105 HU, respectively. 4) Pelvic fluid depth: 1.3 cm~8.3 cm. 5) Summary of CT findings and figure illustrations of the ROCLC group: Twenty patients in the ROCLC group exhibited large cystic shadow of heterogenous density in the adnexal area. The cystic shadow was ring-shaped, largely smooth-walled and was surrounded by mixed-density blood clots (Fig. 2) ; CT showed significant discontinuous rupture sites in the Note: Diameter along the major axis of the cystic shadows was analyzed using SPSS software package; between-group differences were assessed with Fisher's exact test. More patients in the ROCLC group exhibited a cystic shadow ≥3 cm in diameter along the major axis as compared to that in the REPWH group wall of some cysts (Fig. 3) ; mixed-density blood clots were found inside some of the cystic shadows (Fig. 4) ; high-density blood clots were observed in some of the cystic shadows, while low-density blood clots were observed at the edges; mixed-density blood clots were observed around most of the outer edges (Fig. 5) ; enhanced posterior wall showed incomplete strengthening on the ring area (Fig. 6a, b) ; mixed amorphous density bleeding in the adnexal area without cystic shadow were noticed in a small number of patients; the depth of effusion in the pelvic area tended to vary (range, 300 mL~3000 mL) (Fig. 7) ; accumulated air was observed at the cervical area in the post-coital patients (Fig. 8 ).
In the REPWH group, 14 patients were confirmed by surgery and 1 patient was confirmed by clinical pathology. Of the 14 surgically treated patients, 12 patients had tubal pregnancies while 2 had ovarian pregnancy. 1) CT findings of tubal pregnancy: Of the 12 patients with tubal pregnancy, cystic shadow in the adnexal hemorrhagic area with mix-density blood clots were observed in 8 patients, while mixed-density adnexal hemorrhage was found in the other 4 patients with no obvious cystic shadows. Cystic shadow was found in the right adnexal area in the sole patient who was treated conservatively. The deepest pelvic effusion was 10.3 cm. 2) CT findings in patients with ovarian pregnancy: Out of the two patients with ovarian pregnancy, 1 patient did not exhibit any obvious cystic shadow in the hemorrhagic area, while the other patient exhibited a 1.8 cm × 1.9 cm cystic shadow of mixed-density in the hemorrhagic area. The deepest pelvic effusion was 8.6 cm. 3) Size and location of the cystic shadow: In 6 patients, the shadows were on the right side of the adnexal area, while in 4 patients, the shadows were on the left side. The maximum and minimum diameters along the major and minor axes of the cystic shadow were 3.0 cm and 0.7 cm, respectively; 4) CT attenuation values of the inner area and at the edge of the cystic shadow The depth of the pelvic effusion ranged from 3.7 cm~10.3 cm; 6) CT attenuation value of the pelvic effusion: 22 HU~82 HU; 7) Summary of the CT findings and figure illustrations of the REPWH group: mixed density amorphous bleeding was observed in the pelvic adnexal area (Fig. 9) . In some patients, mixed density blood clots and IUD were observed in the uterus or in the adnexal area (Fig. 10a,  b) ; in some patients, a smaller cystic shadow was found in the hemorrhagic area (Fig. 11) . Accumulated mixed-density blood clots were observed in the pelvic area (The density of the blood clots mainly correlated to the time of bleeding). Size of uterus was normal or slightly enlarged; however, the uterine enlargement was smaller than that observed in a normal pregnant uterus. Fig. 9 CT findings of REPWH. The patient presented with lower abdominal pain for a period of 2 h. This patient had a history amenorrhea for 2 months and irregular vaginal bleeding for 1 month; β-HCG test was positive; no signs of gestational sac were observed; left isthmus ectopic pregnancy was confirmed by surgery. The single arrow indicates the mixed-density pelvic effusion; the front shorter arrow indicates the location of the uterus, which does not exhibit any signs of cystic shadow
Discussion
The main findings of this study are as follows: cystic shadows and pelvic effusion were the key findings observed on CT images. The mean maximum diameter of the cystic shadow in the ROCLC and REPWH groups was 3.76 ± 1.11 cm and 1.96 ± 0.65 cm, respectively; the mean depth of the pelvic effusion was 5.20 ± 2.47 cm and 6.96 ± 2.07 cm, respectively. Owing to the hemorrhagic content, cystic shadows presented as different density shadows on CT images. Depending on the duration and amount of the hemorrhage, they could be in uniformed liquid density, or a mixed of high and low density, or slightly higher density in most area. There are always certain edges on the outside of the cystic shadows, and the shape of the edges could be continuous or discontinuous. When there was no cystic shadow shown in the adnexal area, the hemorrhage on the side of the adnexa appears to be a mixed-density shadow with irregularly shaped and blurred edges, and the adjacent peritoneal is blurred and thickened. The density of the pelvic effusion showing on the CT image could be at the same attenuation, or mixed, or slightly higher density in most of the area, and the density is mainly correlated to the state of the hemorrhage coagulation. Therefore, the density of the pelvic effusion is higher in the coagulation area.
Ovarian corpus luteum is formed post ovulation; the growth of the ovarian corpus luteum is associated with an increase in luteal blood flow and increased serum progesterone levels [3, 4] . The size and function of the corpus luteum is at its peak 7 days after ovulation (diameter: 1-2 cm) [3, 4] . It is designated as a corpus luteal cyst when the diameter of the corpus luteum is >3 cm [3, 4] . Most ROCLC occur in women of reproductive age-group who have hyper-functional ovaries [5] . ROCLC may be caused by sexual activity, gynecological examination or any other external impact; it may also rupture spontaneously, such as during bowel-movement. Ovarian luteal cyst rupture tends to occur during the later phase of the menstruation and after sexual intercourse [11, 12] . The characteristics of ROCLC are as follows: No history of amenorrhea, vaginal bleeding, early pregnancy signs, acute onset, sudden pain at one side of the lower abdomen, which gradually spreads to the entire abdomen, and negative HCG test. ROCLC is a self-limiting disease, as most of the ruptured sites tend to undergo self-healing. Chances of recurrent bleeding in ROCLC are relatively low, because it can self-agglutinate leading to cessation of bleeding after one bleeding episode. Thus, most of the ROCLC patients do not require surgical treatment [9, 12, 13] . Ectopic pregnancy or extrauterine pregnancy refers to the implantation of the fertilized ovum outside of the uterus. The condition is a major threat to the health of women in the child-bearing age group [6] . It is one of the major complications encountered during the first trimester of pregnancy, and it has been reported that 1.3-2.4% of all pregnancies are ectopic pregnancies [6] . Most ectopic pregnancies occur in women in the agegroup of 30-40 years and tubal pregnancy is the most common type of ectopic pregnancy [8, [14] [15] [16] [17] . Ectopic pregnancy may occur in the ovaries, abdominal cavity, broad ligament, and cervix; however, these are rare sites of ectopic pregnancy [7, 18] . The main clinical symptoms of ectopic pregnancy include history of amenorrhea, abdominal pain, vaginal bleeding, and positive β-HCG. The diagnosis can be confirmed based on the medical history and positive culdocentesis; however, the diagnosis may not be straightforward in patients with negative culdocentesis, especially in those with a history of irregular menstrual periods. Ectopic pregnancy is very likely to be misdiagnosed in patients with no typical clinical symptoms if only traditional urine tests are assessed.
However, on CT imaging, mixed density blood clots, "Ring" sign of cystic shadow and pelvic fluid can be observed. In cases of ROCLC, large cystic shadows can be seen in the hemorrhage area. The diameters of the cystic shadows are generally >3.0 cm. The mean depth of pelvic effusion in this study was 5.20 ± 2.47 cm. In the REPWH group, cystic shadows were observed on CT images, as well. The maximum diameter along the major axis of cystic shadow in REPWH group was generally <3.0 cm and the mean depth of the pelvic fluid in this study was 6.96 ± 2.07 cm. Therefore, the size of the cystic shadow associated with ROCLC is larger than that of the REPWH and the depth of pelvic effusion in patients with REPWH is greater than that in patients with ROCLC.
In order to diagnose and differentiate REPWH and ROCLC in emergency settings, it is also necessary to exclude the possibility of ovarian cyst torsion and other causes of acute abdomen due to the similar clinical presentation. In elderly patients, acute abdominal pain could be due to sudden changes in body position or posture, such as a sudden stop when travelling on a bus. Some patients may have a preexisting ovarian cyst or tumor, and ovarian cyst torsion could occur at any age; hence, an accurate differential diagnosis is vital.
In recent years, magnetic resonance imaging (MRI) has been increasingly employed for the diagnosis of acute gynecological conditions with abdominal symptoms [19] . However, most hospitals do not have an MRI available at the emergency department. Ultrasound is unable to provide a clear diagnosis in approximately 25% of all cases who present with acute abdomen compatible with gynecological conditions. Additionally, some hospitals do not have ultrasonography available at night, either. When CT was not commonly used, ROCLC was frequently misdiagnosed preoperatively as appendicitis, ectopic pregnancy, endometriosis, or neoplasm [11, 12, 19] . In emergency settings, prompt diagnosis is of critical importance in cases who present with acute gynecological abdominal symptoms with no clear medical history, especially, when ultrasound is unable to provide a clear diagnosis. In such cases, CT examination may confer a distinct advantage as it can not only detect cystic solid masses in the pelvis, but can also delineate pedicle torsion with careful observation [19, 20] . Lee et al. [10] reported that the diagnosis of ROCLC is confirmed if active bleeding is present and a certain amount of pelvic effusion is shown on the CT scan. Therefore, CT scan is invaluable in the differential diagnosis of acute abdomen and offers a distinct value addition in differentiating between ROCLC and REPWH. In addition, CT scan can clearly delineate the site of bleeding and help assess the amount of bleeding. On CT imaging, we quantified the amount of effusion as the depth of pelvic fluid is greater than 30 HU in CT attenuation [5] . CT can also accurately determine the presence of active pelvic bleeding. After the exclusion of general causes of acute abdominal symptoms, such as appendicitis, ureteral stones, and other diseases, ROCLC can be confirmed if there is obvious bleeding in the pelvic area and the major axis of the mixed-density bleeding mass at one side of the uterus or adnexal area is greater than 3.0 cm, especially in patients who are at the middle or towards the end of their menstrual cycle and if same symptoms were present during intercourse prior to the start of abdominal pain. REPWH can be confirmed if there is extensive hemorrhage in the pelvis, or the major axis of cystic shadow in the mixed -density hemorrhagic area on one side of the uterus or in the adnexal area is less than 3.0 cm in size; additionally, these patients have a history of amenorrhea and positive β-HCG. In the REPWH group, there were 2 patients with right fallopian tube ectopic pregnancy with a left ovarian cyst greater than 3.0 cm. Identification of the site of bleeding in conjunction with medical history and results of HCG test can help distinguish ROCLC from REPWH. We also need to correlate the side of bleeding and the site of abdominal pain along with the assessment of the peri-cystic structures. Thus, CT scan can aid in the differential diagnosis of ROCLC and REPWH when ultrasound is unavailable or is unable to provide clear diagnosis in emergency situations. There is some overlap between the CT findings of ROCLC and REPWH, such as when the major axis of the cystic shadow in the adnexal bleeding area is approximately 3.0 cm, or when no cystic shadow is present. In the current study, the proportion of patients who did not exhibit any cystic shadow was higher in the REPWH group as compared to that in the ROCLC group, which is consistent with the findings reported by Bi et al. [20] Under such circumstances, the results of HCG test and the patient's menstrual cycle status can also help improve the accuracy of diagnosis based on CT findings.
The limitations of this study include the relatively small sample size of patients, and inclusion of only 2 patients with ovarian ectopic pregnancy. Most of the cases were tubal ectopic pregnancy, and other types of ectopic pregnancy were not available for inclusion. Therefore, a prospective, randomized, multicenter study of ectopic cases should be conducted to validate our findings.
Conclusion
In conclusion, CT imaging can be invaluable for differentiating between ROCLC and REPWH by observing the size and presence of the cystic shadow and depth of the pelvic effusion in the adnexal area.
Abbreviations REPWH: Ruptured ectopic pregnancy with hemorrhage; ROCLC: Ruptured ovarian corpus luteal cyst
